45,000 HeLa cells per well were transiently transfected using manufacturer's protocol for Lipofectamine LTX (ThermoFisher). HeLa cells were transfected with 3 ng of plasmids for either ERα or ERβ, and 85 ng ERE-3x-Luc, containing 3 copies of estrogen-response element (ERE) cloned into pGL4.23 luciferase reporter gene containing a minimal TATA promoter (Promega). Transfected cells were treated with OP-1074 in the presence of 100 pM E2 for 22 hours (1.25% total final charcoal dextran stripped FBS). Bright Glo luciferase reagent (Promega) was used to lyse cells and detect firefly luciferase activity, measured in relative light units, at 1 sec intervals using the Varioskan Lux multimodal plate reader. To rule out non-specific nuclear receptor activity, HeLa cells were transfected as above but also with plasmids for full length wild type glucocorticoid receptor (GR), progesterone receptor (PR), or androgen receptor (AR), along with PRE-3x-Luc, containing 3 copies of progesterone response element (PRE) cloned into 
1-(2,4-Dihydroxyphenyl)-2-(4-hydroxyphenyl)ethanone
Resorcinol (1,3-dihydroxybenzene, 200 g, 1.82 mol, 1.0 equiv.) and 4-hydroxyphenylacetic acid (304 g, 2.0 mol, 1.1 equiv.) were added to a 3 neck 5 L round bottomed flask fitted with a magnetic stir bar, a pressure equalizing addition funnel, thermometer and heating mantle. Toluene (890 mL) was added to the flask to give a suspension. The reaction flask was then purged with nitrogen and the addition funnel filled with boron trifluoride etherate (639 mL, 5.09 mol, 2.8 equiv.). The reaction was heated and stirred. Boron trifluoride etherate was added dropwise over several minutes. The reaction went through various changes in color from yellow to dark red during the addition of the Lewis acid. After the addition of boron trifluoride etherate was complete, the addition funnel was removed and replaced with a condenser and the reaction vessel was warmed with the heating mantle. When the reaction temperature reached 90 o C, the suspension slowly dissolved, to form a dark homogenous solution briefly before a yellow precipitate formed. TLC (50% EA/Hex) indicated the reaction was complete. The reaction was cooled to ambient temperature in an ice-bath. The slurry was poured into a 12 % aqueous solution of sodium acetate (144 g, 1.2 L) at 0°C and stirred at room temperature overnight. The light yellow solid was filtered and washed with water (2 x) and a small amount of diethyl ether
(1 x). The cream solid was air-dried for 4 days (362 g, 76.7 %, HPLC 94 %, m.p. 186-188 °C). (lit. m.p: 180 °C, Reference: JOC, 2000 , 65, 2305 . to a red color. The mantle was removed and the flask was allowed to cool, at which point 2-propanol (500 mL) was added and the resulting mixture stirred. A large mass formed at the bottom of the flask when the temperature dropped below 50 °C. The reaction was left to stir for 2 days. The flask contained a solid cake and a clear solution. The supernatant was decanted and the solid was mixed with 2-propanol (100 mL) and diethyl ether (80 mL) and slowly warmed with agitation using a metal spatula until the mixture could freely stir with a stir bar. The solid mass became a viscous suspension. 25% diethyl ether/hexanes (300 mL) was added to the mixture and the suspension stirred for 1 h. The suspension was filtered and the solid washed with 25% diethyl ether/hexanes to give a white powder (240 g, 54 %). The filtrate was concentrated and recrystallization was performed again as above to give a second crop of solid product (40 g, 9 % 
1-(2-hydroxy-4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)-2-(4-((tetrahydro-
2H
3-(4-Hydroxyphenyl)-2-(4-iodophenyl)-4-methyl-2H-chromen-7-ol
2-(4-Iodophenyl)-4-methyl-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2- yl)oxy)phenyl)chroman-4-
2-(4-iodophenyl)-4-methyl-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-

2-yl)oxy)phenyl)-2H-chromene
To a solution of 3-(4-hydroxyphenyl)-2-(4-iodophenyl)-4-methyl-2H-chromen-7-ol (150.0 g, 0.33 mmol, 1.0 equiv.) and pyridinium p-toluene sulfonate (16.46 g, 65.8 mmol, 0.2 equiv.) in DCM (300 mL) was added 3,4-dihydro-2H-pyran (165 mL, 1.81 mol, 5.5 equiv.). The reaction was stirred at room temperature for 2 days. Aqueous saturated sodium bicarbonate was added to the reaction and stirred for 1 h and the layers separated. The DCM layer was washed with sodium bicarbonate again, water (2 x), brine, dried over anhydrous magnesium sulfate, filtered and concentrated. The resulting viscous oil was triturated with IPA and hexanes. 
(3R)-1-(2-(4-(7-hydroxy-3-(4-hydroxyphenyl)-4-methyl-2H-chromen-2-yl)phenoxy)ethyl)-3-methylpyrrolidin-1-ium acetate (OP-1038)
pyran-2-yl)oxy)phenyl)-2H-chromen-2-yl)phenoxy)ethyl)pyrrolidine (225.25 g, 0.360 mol, 1.0 equiv.) was dissolved into 80 % acetic acid/water (2.2 L, previously degassed with argon). The solution was heated in an oil bath at 90 °C for 1 hour under an argon atmosphere. HPLC analysis of the reaction mixture indicated the reaction was complete. The dark red solution was concentrated to a dark red oil in vacuo with the bath temperature set at or below 55 °C. The low pressure was released by backfilling with nitrogen atmosphere. The resulting oil was dissolved in methanol (1.8 L) and the solution brought to pH 7, with 2 N sodium hydroxide solution and brought to pH 8 with saturated NaHCO 3 . The dark red heterogeneous liquid was concentrated to a dark red oil suspended in an aqueous mixture. The thick oil was allowed to settle and harden for 15 minutes. The aqueous layer was decanted and the residue rinsed with water (3 x 600 mL).
The combined aqueous layer was extracted with ethyl acetate (2 x 800 mL). The combined organic layer was washed with brine (2 x 400 mL), dried over anhydrous magnesium sulfate, filtered and the filtrate mixed with the red residue and concentrated to give a dark red residue.
The residue was adsorbed onto silica gel (375 g) and chromatographed on silica gel (7 x 120 g cartridge) with 0-30 % MeOH in DCM. The product was a red colored foam (92.01 g, 49.4 %). 
2-(4-hydroxyphenyl)-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)chroman-4-one
A solution of 1-(2-hydroxy-4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)-2-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)ethanone (6 g, 0.015 mol), 4-hydroxybenzaldehyde (1.59 g, 0.013 mol) and piperidine (370 mg, 4.0 mmol) in benzene (100 mL) was refluxed using Dean-Stark apparatus for 16 h. The progress of the reaction was monitored by TLC using 25 % v/v ethyl acetate in petroleum ether as eluting solvent. After completion of reaction, the reaction mixture was cooled to room temperature and the solvent was removed under reduced pressure to get crude product. The crude product was purified by flash column chromatography (silica gel, 25%
v/v ethyl acetate in petroleum ether) to obtain 2-(4-hydroxyphenyl)-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)chroman-4-one as white solid (1.6 g, 21 %). 
2-(4-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)chroman-4-one
To the stirred solution of 2-(4-hydroxyphenyl)-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)chroman-4-one (1g, 1.9 mmol) in dry acetone (10 vol), was added cesium carbonate (1.8 g, 5.8 mmol) at 0 o C and stirred for 10 min. Then a solution of 1-(2-chloro-ethyl)-pyrrolidine (0.5 g, 2.9 mmol) in acetone (2 mL) was added. After completion of addition, the reaction mixture was gradually heated to reflux and maintained for 18 h. The reaction mixture was filtered, washed with acetone and concentrated to provide 2-(4-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)chroman-4-one as yellow oil (1g, 84%), which was used as such for next step.
3-(4-hydroxyphenyl)-4-methyl-2-(4-(2-(pyrrolidin-1-yl)ethoxy)phenyl)-2H-chromen-7-ol (OP-1040)
To a cooled ( and pressurized to 97 psi and left to shake for 1.5 days. TLC analysis indicated partial reduction had occurred. Hydrochloric acid (1 M, 5.5 mL) was added to mixture and the flask was flushed with hydrogen and repressurized to 97 psi. The flask was shaken for 16 hours. TLC analysis indicated the reaction was complete. Celite (3 g) was added to the Parr flask and the mixture filtered through a pad of Celite (2 cm). The solid was washed alternating between methanol (3 x 50 mL) and water (3 x 20 mL). The filtrate was concentrated on a rotovap to dryness. The residue was taken up in methanol (10 mL) and 25 % sodium methoxide in methanol (1.17 mL, 5.4 mmol, 0.98 equiv) was added to the methanolic solution to give a white suspension. The mixture was concentrated to dryness and taken up into DCM (10 mL). The suspension was filtered through 0.45 µm PTFE frit and concentrated to a yellow oil. The oil was redissolved into DCM (10 mL), filtered (0.45 µm PTFE frit) and concentrated to furnish a yellow oil (0.5044 g, 59.2 %). This material was used without further purification.
(3S)-3-methyl-1-(2-(4-(4-methyl-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)-2H-chromen-2-yl)phenoxy)ethyl)pyrrolidine
A mixture of 2-(4-iodophenyl)-4-methyl-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)-2H-chromene (0.970 g, 1.6 mmol, 1.0 equiv.), (R)--2-(3-methylpyrrolidin-1-yl)ethanol (600 mg, 4.6 mmol, 3.0 equiv.), 1,10-Phenanthroline (56 mg, 0.3 mmol, 0.2 equiv.), and Cesium carbonate (1.012 g, 3.1 mmol, 2.0 equiv.) in butyronitrile (4.5 mL) was charged into a sealable tube (20 mL) and the tube was evacuated and backfilled with argon, Copper(I) iodide (296 mg, 1.6 mmol, 1.0 equiv.) was added to the mixture and evacuated and backfilled with argon three times. The reaction mixture was heated at 125 o C for 40 h. HPLC showed the completion of the reaction. The reaction was cooled to room temperature and diluted with DCM and the mixture was passed through a Celite pad, which was washed with DCM, EA 
3-(4-hydroxyphenyl)-4-methyl-2-(4-(2-((S)-3-methylpyrrolidin-1-yl)ethoxy)phenyl)-2H-chromen-7-ol (OP-1046).
The stirred solution of (3S)-3-methyl-1-(2-(4-(4-methyl-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)-2H-chromen-2-yl)phenoxy)ethyl)pyrrolidine (0.740 g, 1.2 mmol, 1.0 equiv.) in 80% acetic acid/water (50 ml) was heated to 90 o C for 50 min.
HPLC showed the completion of the reaction. The reaction was concentrated and the residue was neutralized with sat'd aq. NaHCO 3 (50 ml x 2) and extracted with EA (200 ml x 2). The organic layer was washed with brine, dried over anhy. Na 2 SO 4 , filtered and concentrated to give a red residue which was subjected to a silica gel purification (0 -10% MeOH/DCM) to afford the titled compound as a red powder. HPLC: 98.8% purity (0 -90% acetonitrile/water). LC_MS: 19 (d, j = 8.7, 2H), 7.12 (d, j = 8.1, 1H), 6.98 (d, j = 8.7, 2H), 6.77 (d, j = 8.7, 2H), 6.70 (d, j = 8.4, 2H), 6.34 (d, j = 8.1, 1H), 6.11 (d, j = 2.4 1H), 5.78 (s, 1H), 4.11 (t, j = 5.7, 2H) 
(S)-1-(2-(benzyloxy)ethyl)-2-methylpyrrolidine
Aluminum trichloride (1.865 g, 14.0 mmol, 3.0 equiv.) was suspended into anhydrous THF (30 mL) and cooled in an ice bath. Lithium aluminum hydride (1.221 g, 32.2 mmol, 6.9 equiv.) was added in small portions to the above suspension and stirred for 10 minutes. The suspension was cooled to -78 °C for 5 minutes and a solution of (S)-2-(Benzyloxy)-1-(2-methylpyrrolidin-1-yl)ethanone (1.088 g, 4.7 mmol, 1.0 equiv.) in anhydrous THF (30 mL) was added dropwise to the cold suspension. The reaction was kept at -78 °C for 1 hour and stirred at room temperature for 2 hours. The reaction was carefully quenched with 6 N HCl solution (5 mL) and stirred for 10 minutes to give grey aqueous layer. A solution 6 N NaOH (7.5 mL) was added to the mixture to give a grey white mixture of solid in the aqueous layer. The mixture was filtered through a pad of Celite (2 cm). The solids were washed with DCM (5 x 50 mL). The filtrate was cooled in a -78 °C bath until the aqueous portion froze to ice. The organic layer was poured into a Erlenmeyer flask. The ice was melted and poured into a separatory funnel (~3 mL aqueous layer recovered) and extracted with DCM (3 x 15 mL). The organic layers were combined and dried over anhydrous sodium sulfate, filtered and concentrated to a faint yellow solid (1.0495 g). This solid was dissolved into DCM (5 mL) and loaded onto silica gel (2.5 g) and chromatographed through silica gel (25 g cartridge) with 50-100 % ethyl acetate in hexanes followed by 10-40 % methanol in dichloromethane to
give a white solid (0.5891 g, 57.6 %) showed the completion of the reaction. The reaction was cooled to room temperature and diluted with DCM and the mixture was passed through a Celite pad which was washed with DCM multiple times. The filtrate was collected and concentrated. The residue was passed through a silica gel plug to yield the titled compound as a brown powder. LCMS confirmed structure.
C 39 H 48 NO 6 (M+1) calc'd. = 626.34, obs. = 626.3.
3-(4-hydroxyphenyl)-4-methyl-2-(4-(2-((S)-2-methylpyrrolidin-1-yl)ethoxy)phenyl)-2H-chromen-7-ol (OP-1047)
The stirred solution of (2S)-2-methyl-1-(2-(4-(4-methyl-7-((tetrahydro-2H-pyran-2-yl)oxy)-3-(4-((tetrahydro-2H-pyran-2-yl)oxy)phenyl)-2H-chromen-2-yl)phenoxy)ethyl)pyrrolidine (0.307 g, 0.5 mmol, 1.0 equiv.) in 80% acetic acid/water (50 ml) was heated to 90 o C for 50 min.
HPLC showed the completion of the reaction. The reaction was concentrated and the residue was neutralized with sat'd aq. NaHCO 3 (50 ml x 2) and extracted with EA (200 ml x 2). The organic layer was washed with brine, dried over anhy. Na 2 SO 4 , filtered and concentrated to give a red residue which was subjected to a silica gel purification (0 -10% MeOH/DCM) to afford the titled compound as a red powder (168 mg, 74.8%). 
